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(54) METHOD FOR THE EXPRESSION OF FOREIGN GENES AND VECTORS THEREFOR 

(57) A method for expressing a foreign gene, by 
wrhich the foreign genes can be expressed more 
strongly than by the conventional methods, as well as a 
recombinant vector therefor, is disclosed. In the method 
for expressing a foreign gene according to the present 
invention, the foreign gene is inserted into a site down- 
stream of a promoter and the foreign gene is expressed 
in a cell, wherein a plurality of intron-originated DNA 
fragments which are the same or different and are capa- 
ble of promoting expression of foreign genes are 
inserted into one or more sites upstream of said foreign 
gene, and said foreign gene is expressed. 
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I . V ^ EP0 846 770A1 

Description J 
TECHNICAL FIELD 

5 The present Invention relates to a nriethod for expressing a foreign gene, and a vector therefor. More particularly, the 

present Invention relates to a method for e^ressing a foreign gene in genetic engineering processes, by which expres- 
sion of the-foreign gene is more stronqly promoted than the conventional methods, and to a vector therefor. , 

BACKGROUND ART - 
10 ^ i:'-'^ \r - i • : 

Promotion of expressioii of foreign genes is one of the most required techniques in genetic engineering processes, 
especially when the genetic engineering processes are applied to plants. - r - ; 

As one of such rnethpds. it is Itaipwn to insert an jntron-originated DNA fragment into a site upstream of the foreign 
gene. For exarnple, Japanese l^id-^ (tokai) No. 3-103182 discloses that expression of a foreign 

15 gene is prombt^ by inserting ah intron-briginated DNA fragment of castor-oil plant catalase gene (CAT-1) into a site 
upstream of the foreign gene, and (expressing the foreign gene. Similar phenomena have been reported for various 
intron-originated DNA fragments. 

Although introns have been utilized.fbr the purpose of promoting expression of foreign genes. iiise of a plurality of 
introns is not popular, and advantageous effect thereof has not been recognized. For example, although the first Intron 
20 and the 6th Intron of maize alcohol .dehydrogenase gene individually promote gene expression, if these introns are 
ligated, the effect is less than in the case where the 6th intron alone is used (Mascarenhas et al. Plant Mol. Biol., 15, 
913-920(1 990)). Similarly, in cases where two maize actin third introns are ligated. the effect is less than the case where 
only one intron is used (Luehrsen et al., Mol. Gen. Genet., 225. 81-93 (1991)). 

Although the known methods in which.an intron-originated DNA fragment is inserted are effective, the expression- 
's promoting effects are often insufficient. Thus, a method by which gene expression is more strongly promoted Is desired. 

DISCLQSURE OF THE INVENTION 

Accordingly, an object of the present invention is to provide a method for expressing foreign genes by which the for- 
30 eign genes are more strongly expressed than by the known methods, and to provide recombinant vectors therefor. 

The present inventors intensively studied to discover that expression of foreign genes is much more promoted by 
inserting into one or more sites upstream of the foreign gene a plurality of intron-originated DNA fragments which are 
the same or different and are capable of promoting expression of foreign genes when inserted into a site upstream of 
the foreign gene, than in the known methods in which a single intron-originated DNA fragment is inserted, thereby com- 
35 pleting the present invention. 

That is. the present invention provides a method for expressing a foreign gene comprising inserting said foreign 
gene into a site downstream of a promoter and expressing said foreign gene in a cell, characterized in that a plurality 
of intron-originated DNA fragments which are the same or different and are capable of promoting expression of foreign 
genes are inserted into one or more sites upstream of said foreign gene and said foreign gene is expressed. 
40 The present invention also provides a recombinant vector comprising a promoter, a foreign gene inserted into a site 
downstream of said promoter, and a plurality of intron-originated DNA fragments which are the same or different and 
are capable of promoting expression of foreign genes, which are inserted into one or more sites upstream of said for- 
eign gene. 

The present inventors discovered that even if a single intron sequence of maize ubiqurtin gene, which has a nucle- 
us otide sequence shown in SEQ ID NO:3 in the SEQUENCE LISTING, is inserted into a site upstream of a foreign gene, 
expression of the foreign gene is promoted, thereby completing the second invention of the present application. 

That is, the present invention also provides a method for expressing a foreign gene comprising inserting said for- 
eign gene into a site downstream of a promoter, and expressing said foreign gene in a cell, characterized in that the 
sequence shown in SEQ ID NO: 3 in the SEQUENCE LISTING or a functional variant tiiereof is Inserted into a site 
50 upstream of said foreign gene and said foreign gene is expressed. 

By the present invention, metiiods for expressing foreign genes by which expression of the foreign genes are much 
more strongly promoted than in the known methods, as well as recombinant vectors therefor, were provided. By the 
present invention, since expression of foreign genes introduced by genetic engineering processes is promoted, it is 
expected that the present invention will greatiy contribute to the field of genetic engineering. 

55 

BEST MODE FOR CARRYING OUT THE INVENTION 

The method of the present invention is characterized by inserting two or more intron-originated DNA fragments 
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capable of promoting expxessjpn of fpreigagenes ir^^^^^^^^ more sitf s.upslre^ 

SO as to promote expression of the fbragn gene. , , ^ . „ : . .... *..*r * t . --^ ; 

Here; the term "intrbn-brjginatikl DN fragment having an effect to promote 
DMA tragmerit origin is capable of, prbrnotihg expressjon 

5 degree when compared with the case wherein th foreign gene is expressed wrthqutmsertng,^ 

fragment: Various such intron-ortginated DNA fragments, perse. are. known. Examples, of such intron^riginated.pNA , 
frBgmentsihclu^^^ 

(Kokai) Nb^3t103182; Tanal«^^^^^^ 18,,6767,^770(1B90));:the^f^^^^ 
riolglyTOsyltransfera^^ 1. 1183-1200 (1987)): the first jntroapf^ 

10 genase-1 (Callis et al., Genes A Develop. 1 , y 83-120CU1987));4he,^econd.an(^ 




fAiafeara); iha trieiii^intr^^ ^11 2, ira-ljjy It shquldbe note^, ho55^er,^t^ 

introii-originatecl DNA^lfragm^rfifefw 
75 intron-originated DNA fragments which can promote expression of, foreign genes downstreani th^^^ 

1lie present Inventors previobslvd of fice PLD gene by connparing the nucleotide sequences iOf 

the cDNA a^rtaihe geribhiic DNA of rice pho^^ 

proniot^^Fl^ssiqn^pf jge^ a j>^ent apgl^ 

20 The niifcliSSde sequendiBO^ this intron is jsJiowrrirt !se8 ibliQr^ in tBe SEQ^ In the present invention, 

I this intron-Ofigiri^ed pNA fra R.^PR .NP:^ ^P!^ f?f fPPlf^S^lHO^^^ castor- 

oil plant catailase gene, shown in JSEQ ID KlOS in the SEQUENCE LIsfiNQ and the intron sequence shown in maiz 
ubiquitin gene, which has a nucleotide sequence shown in SEQ ID NO:3, may also preferably be employed. .^^^ 
It is well-known in the art that there are cases wherein the physiological activity of a physiologically active DfNlA 

25 sequence is retained even if one or more nucleotides are. added, inserted, deleted o^.6ubstitlrted^ In, the pre^^ 

tibn. DNA fragment resulting frbni such a modification of the atove-describ^^^^^ DNA fragrne|:its 

or the sequence shown in SEQ ID NO:1 , which promote expfessibn of the gene downstream thereof, are inciuded in 
the term "intron-originated DNA fragments" as used herein. That is, DNA fragments which have the same nucleotid 
sequences as the above-mentioned known intron-originated DNA fragments or the intron-originated DNA fragment 

BO having the riudeotide sequence shown in SEQ ID NO:1 except that one or more nucleotides are added, deleted or sub- 
stituted, which promote egression of a gene downstream thereof are also included in tiie "intron-originated DNA frag- 
ments" in thie present inveyion. Here, such a modified intron-originated DNA^gmem pr^ei^ly^ has ahcpoto^ of 
not 1^ than 70%, Impre prefaBbly not less than 0P% to the original iritrpn-or^fnated DNA fragmenl^Sim^ 
"functibnal variant" recited in tine claims rneans the DNA fragrhent which ha$ tiie same nudeptide sequerice as the orig- 

35 inal sequence except that one or more nucleotides are added, deleted oi^ substituted, whbh promotes expression bif a 
gene dowhsfrearn thereof, arid which preferabiy has a hornolbgy of not less than 70%, more pi-efer^^ riot jess than 
90% to tifie original sequerice. For exanrple, the term functional \^riantof the sequence jshown in SEQ ID tslO; J"means 
the DNA fragrn^nt halving the same nucleotide sequence as shown in SEQ ID NOrl except that one or mpre nucleotides 
are added, deleted or substituted, which promotes expression of a gene downstream thereof, and which preferably has 
^40 a homology of not less than 70%. more preferably not less than 90% to the original sequence. 

Each of the above-described DNA fragments may easily be prepared by the conventional PGR method since the 
nudeotide sequence and the original source thereof are known. Further, those having sizes of not longer than about 
200 bp may be chemically synthesized. The alxjve-mentioned modified intron-originated DNA fragments may easily be 
prepared by the site-specific mutagenesis method or by chemical synthesis. 

45 In the method of the present invention, a plurality of the above-mentioned intron-originated DNA fragments are 
inserted Into one or more upstream sites of the foreign gene to be expressed, that is. one or more upstream sites of the 
transcription region, more preferably into the 5*-end of the transcription region. The intron-originated DNA fragments 
may preferably be inserted between the promoter and the foreign gene. The intron-originated DNA fragments may be 
inserted into a site immediately upstream of the foreign gene to be expressed, or another sequence may exist between 

so the intron-originated DNA fragments and the foreign gene. The lerigth of this intervening sequence is not restricted and 
usually p to 1000 bp. The promoter and the intron-originated DNA fragments may be directed connected or another 
sequence may exist therebetween. The length of this intervening sequence is not restricted and usually 0 to 1000 bp. 

In the method of the present invention, a plurality of, preferably 2 to 5, more preferably 2 or 3 of the alxjve-described 
intron-originated DNA fragments are inserted. The intron-originated DNA fragments to be inserted may have the same 

55 or different nucleotide sequence. The plurality of the intron-originated DNA fragments may be directiy connected or 
another sequence may exist therebetween. The length of this intervening sequence is not restricted and usually 0 to 
1000 bp. 

As the promoter, any promoter which can express the foreign gene located downstream tiiereof may t»e employed. 
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A preferred example of the prbmoter is the 35S promoter^ although the promoter is not/ei^ricted thereto. , , ^ 

The present invention also provides a recombinant vector to which the above<iescribe^ of th^ present 

invention is ajipiedV ltiaf is! the present inversion prdwS^ i-erorSbinantve^ promoter, a^reign gene 

inserted into a siteBdwhStrCTm of tfieWomoter- "ancTa plu Introh-origiriated DNA fragments which are tne same 

5 or different arid are 'capable' of "^p^^ expression of foreign genes., which are into one or mor^e si|es 

upstreani of tRe^fbreigri gehe/Suc^' a~ve<rt by! Irisertihg'the'atoveHdescrto plurality intron-origi- 

nated DNA fragrnents and the foreign gene irito an appropriate expression vector. The inserton rnay .easily be corned 
outijy usirig^'appropriate res^ictlon'^enzi^nriys ar^ if necesisary. liriTkers because the nuclebtidie ^eqijehce of the cloning 
Site of the expression vector IS known. ' ' , » i 

70 Various such'dqpre&iOT^ kre kritwm arid are commerciaijy ayailabfe. T^^ 

compriise iat l^st a replication 'orig^ in the htet bel^^^^^^^^^^^ 

inserting sffbreign'^eriei and a sefeK^iori^^ drug i-esistance m^f ker. fhe^ 

for stably termiiipng {rariscri^^ anS an SD s^^^ where ftfe hbs^ is a bacterial c^ll. In the mfthod 

of the present iSwenilbh^ ^ ^ ^^ ' , . 

15 The preseirt iiwentbrs discovered tha^^^ if a single intron seqiierice of rriaize ubiquitih gene, which has a nude- 
otide sequence shown In SEQ ID N0:3 in the SEQUENCE LISTING, is inserted in a foreign gene, expre^ion of the 
foreiign gieihe is'prdmoted. Tlids, this cases where only a single S€<i^ in SEQ ID NO:3 or a functional variant 

thereof is insert^jri place of the abdve-descrifeed plurality of ihtrdH%iginated DNA fragmerite are also includeid in the 
scope of the pr^ent ihventidn, How©^er, everi iri cases where thi3 sequence shown in SEQ ib NO:3 is erriplpyed. the 

20 effect is higher wlien a plurality of the sequences are inserted. Sand the effect is especially high when the sequence 
shown in SEQ ID NO:3 is inserted together with the intrbn sequence of rice PLD gene, shown in SEQ ID NO:1 . 

Examples ' 

25 The invention will now be described more concretely by way of examples thereof. It should be noted, howiever. the 
present indention is not restricted to tfie following examples. 

Example 1 

30 In the rice PLD gene, a first intron with a size of 1 73 bp exists at the region con-esponding to the 5'-end non-coding 
region of the mRNA (SEQ ID NO: 1, WO 95/09234). The Intron vvas checked for its Influence on gene expression in 
plant ceils. Primers of 20mer (5-TCACCACCCGGTAAGCCCAQ-3\ 3'-CCCCCGCGTCCAtCCCGCTC-5^, each of 
which contains a region of 10 nucleotides originated from an exon, were synthesized and PGR was performed using 
ric genomic done as a template. The PGR was performed using a mixture of 50 pmol each of the primers. 200 |xM of 

35 dATR dCTP, dGTP and dTTP, 1 x PGR buffer (commercially available from TAKARA SHUZO) and 2.5 U of AmpliTaq 
DNA polymerase (TAKARA SHUZO), the total volume of the reaction mixture being 50 jil. The reaction was carried out 
according to the following thermal conditions and the cycle was repeated 30 times. That is, in a DNA THERMOGYGLER 
(commercially available from PARKIN ELMER GETUS). 94*C for 1 minute. 40*C for 1 minute and 72*G for 2 minutes 
and 30 seconds. 

40 The PGR product was subcloned into PGR II vector (commercially available from INVITROGEN) and a fragment 
was cut out with EcoRI. The fragment was blunted, and inserted into the Sma\ site of pBI221 (a vector plasmid in which 
a p-glucuronidase gene (hereinafter referi-ed to as "GUS**) is inserted into a site downstream of a 35S promoter (here- 
inafter referred to as •'35S pro")) commercially available from TOYOBO GO.. LTD. to obtain a vector pBI221 P (35S pro, 
PLD intron, GUS). This plasmid was digested with SamHI and the resulting fragments were blunted, followed by incor- 

45 poration of the above-described fragment to construct a vector pBI221 PP (35S pro, PLD intron x 2, GUS). 

The plG221 (having tiie intron (SEQ ID NO:2) of catalase gene of castor-oil plant and GUS in the order mentioned, 
at a downstream region of 35S pro) described in Japanese Laid-open Patent Application (Kbkai) No. 3-103182 was 
digested witii Xba\ and the resulting fragments were blunted, followed by insertion of the above-described PLD intron 
sequence to construct a vector plG221 P (35S pro, PLD intron, Gatalase intron, GUS). 

so Rice cultured cells were prepared from immature embryo of Japonica rice variety Nihonbare (Hiei et al.. The Plant 
Journal. 6, 271-282 (1994)), fhe above-described gene was introduced into the cells according to a reported metiiod 
(Shimamoto et al. Nature, 338. 274-276 (1989)) and the p-glucuronidase activities (GUS) were measured. The results 
are shown in Table 1 . 

As shown in Table 1 . by introducing two same or different introns, the GUS activity was prominently increased when 
55 compared with the cases where a single Intron was used. Also it was proved that the DNA fragment having the nucle- 
otid sequence of the PLD intron is the DNA fragment giving the gene expression-promoting effect when two or more 
of the DNA fragments are used. 
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Table 1 


Plasmid 


GUS Activity 


None 


7.2 


pBI221 (35SpraGUS) 


14 


pBI221 P (35S pro. PLD intron. GUS) 


180^ 


pBI221 PP (35S pro, PLD intron x 2. GUS) 


,430 


plG221 (35S pro, Catalase intron, GUS) 


160 


plG221P (35S pro. PLD intron. Catalase intron, GUS) 


680 



. The intron of maize ubiquitin gene (Ubi-1;Christensen A.H. et al. Plant MoL Biol.. 18. 675-689 (1982)) was also 
checked for the effect for promoting expression of foreign genes. Two kinds of vectors were used. 

First, a vector for examining the effect of the intron when a single intron is insertkf was constructed by the following 
method. That is. the region of the promoter and the intron of the ubiquitin gene was cut out with Pst\ and the obtained 
fragment (SEQ ID NO:3) was inserted into the ^Wl site of pUC18 vertor. The intron region was cut out with BglW and 
SamHI and the obtained fragment was Inserted into the BamHl site of pBI221 vector to obtain a v^ector pBI221 U (353 
pro. Ubiquitin intron. GUS). 

Next, a vector for examining the effect of the intron wtien a plurality of introns are inserted was constructed by the 
following method. That is, the intron region was ciit out witK 8^/11 and BamHl and the obtained fragment was blunted, 
followed by Insertion of the resulting fragment to the Smal site of the pBI221 vector. The BamHl site of this vector was 
blunted and the above-described PLD intron was inserted thereinto to obtain a vector pBI221PU (35S pro. PLD intron. 
Ubiquitin intron, GUS). The vectors were introduced into the protoplasts by the above-mentioned method and the GUS 
activities were measured. 

As shown in Table 2. promotion of GUS expression was ot>served when a single ubiquitin intron was used. A 
stronger promotion effect was observed by employing both the PLD intron and the ubiquitin intron, than in cases wher 
each of the introns was used individually. 



Table 2 



Plasmid 


GUS Activity (pmol 




MU/min./mg protein) 


None 


3.3 


pBI221 (35S pro, GUS) 


13 


pBI221(35S pro. PLD intron. GUS) 


100 


pBI221 (35S pro. Ubiquitin intron. GUS) 


360 


pBI221 (35S pro, PLD intron. Ubiquitin intron, GUS) 


780 



EP 0 846 770 Al 



SEQUENCE LISTING 
SEQ ID NO: 1 

5 

SEQUENCE LENGTH: 173 
SEQUENCE TYPE: nucleic acid 
10 MOLECULE TYPE: Genomic DNA 

ORIGINAL SOURCE 

ORGANISM: Oryza sativa 
TOPOLOGY: linear 

STRNDEDNESS: double . , 

SEQUENCE DESCRIPTION 

GTAAGCCCAG TGTGCTTA6G GTAAGC6CAC TAGAGCTTCT T6CTC6CTTG CTTCTTCTOG 60 
GCTCAGATCT GCTT6CTTGC TTGCTTCGCT AGAACCCTAC TOTGTGCtGC 6A6TGTC6CT 120 
GCTTCGTCTT CGTTGCTGAA GTTCiBAtGTG ATTGTGTGTG tGQGGGGQCQ GAG 173 



15 



20 



30 



SEQ ID NO: 2 
SEQUENCE LENGTH: 217 
SEQUENCE TYPE: nucleic acid 
35 MOLECULE TYPE: Genomic DNA 

ORIGINAL SOURCE - 

ORGANISM: castor-oil plant 
TOPOLOGY: linear 
STRNDEDNESS: double 
SEQUENCE DESCRIPTION 
ACATGGATCC CTACAGGGTA AATTTCTAGT TTTTCTCCTT CATTTTCTT6 GTTAGGACCC 60 
TTTTCTCTTT TTATTTTTTT GAGCTTTGAT CTTTCTTTAA ACTGATCTAT TTTTTAATTG 120 
ATTGGTTATG GTGTAAATAT TACATA6CTT TAACTGATAA TCTGATTACT TTATTTGGTG 180 
TGTCTATGAT GAT6ATGATA GTTACAGAAG CGTCGAC 217 

55 
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SEQ ID NO: 3 
^ SEQUENCE LENGTH: 1010 

SEQUENCE TYPE: nucleic acid 
MOLECULE TYPE : Genomic DNA' 
ORIGINAL SOURCE 

ORGANISM: maize 
TOPOLOGY: linear 

IS 

STRNDEDNESS: double 
SEQUENCE DESCRIPTION 
^ GTACGCCGCT CGTCCTCCCC CCCCCOGCCT CTCTACCTTC TCTAGATCG6 C6TTCC6GTC 60 

CAT66TTAGG GCCCGGTAGT TCTACTTCTG TTOATGTTTG TGnAGATCC GTGTTTGT6T 120 
TAGATCC6TG CT6CTAGC6T TCGTACACGG AT6CGAGCTG TACGTCAGAC AG6TTCTGAT 180 

25 

TGCTAAGTTG CCAGTGTTTC TCTTTGGGGA ATCCTGGGAT GGCTGTA6CC GTTCCGCAGA 240 
CGGGATCGAT TTCATGATTT TTTTTGTTTC GTTiGGATAGG GTTTG6TTT6 GCGTTTTCGT 300 
30 TTATTTCAAT ATATGCCGTG CACTTGTTTG TCGGGTCATC TTTTCATGCT TTTTTTTGTC 360 

TTGGTTGTGA TGATGT6GTC TGGTT6GGCG GTCGTTCTAG ATCG6A6TA6 AATTCTGTTT 420 
CAAACTACCT GGT6GATTTA TTAATTTTGG ATCTGTATGT GT6TGCCATA CATATTCATA 480 

35 

GTTACGAATT GAAGATGATG GATGGAAATA TCGATCTAGG ATAGGTATAG ATGTTGAT6G 540 
GG6TTTTACT GAT6CATATA CAGA6ATGCT TTTTGTTC6C TTGGTTGTGA TGATGTGGTG 600 
f\\i^o TGGTTGGGCG GTCGTTCATT CGTTCTAGAT CGGAGTAGAA TACTGTTTCA AACTACGT6G 660 

TGTATTTATT AATTTTGGAA CTGTATGT6T GTGTCATACA TCTTCATAGT TACGAGTTTA 720 
A6ATGGATGG AAATATCGAT CTAGGATAGG TATACATGTT GATGTGG6TT TTAGTGATGC 780 
ATATACATGA TGGCATATGC AGCATCTATT CATAT6CTCT AACCTTGAQT ACCTATCTAT 840 
TATAATAAAC AAGTATGTTT TATAATTATT TTGATCTT6A TATACTT6GA TGAT6GCATA 900 
TGCAGCAGCT ATATGTGGAT TTTTTTAGCC CTGCCTTCAT ACGCTATTTA TTTGCTTGGT 960 
ACTGTTTCTT TTGTCGATGC TCACCCTGTT GTTTGGT6TT ACTTCTGCAG 1010 
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Claims 

1 . A method for expressing a foreign gene comprising inserting said foreign gene into a site downstream of a promoter 
and expressing said foreign gene in a cell, characterized in that a plurality of intron-orlginated DNAf ragmfents which 

5 are the same or different and are capable of promoting expression of foreign genes are inserted into one or more 

sites upstream of said foreign gene and said foreign gene is expressed. : * : 

2. The method according to claim 1 , wherein said plurality of intron-originated DNA fragments are inserted into one 
or more sites between said promoter and said foreign gene. 

10 

3. The method accoiding to claim 1 or 2, wherein said cell is a plant cell. 

4. The method according to any one of claims 1 -3, wherein at least one of said plurality of intron-originated DNA frag- 
ments comprises the sequence shown in SEQ ID NO:1 in the SEQUENCE LISTING or a functional variant thereof. 

IS 

5. The method according to claim 4. wherein said plurality of intron-originated DNA fragments comprise two 
sequences shown in SEQ ID NO:1 in the SEQUENCE LISTING or a functional variant thereof. 

6. The method according to any one of claims 1 -4, wherein at least one of said plurajity of intron-originated DNA frag- 
20 ments comprises the sequence shown in SEQ ID N05 in'the SEQUENCE LISTING or a functional variant thereof. 

7. The method according to daim 6. wherein said plurality of intron-originated DNA fragments comprise the sequence 
shown in SEQ ID NO: 1 or a functional variant thereof and the sequence shown in SEQ ID NO:2 or a functional 
variant thereof. 

8. The method according to any one of claims 1-3, wherein at least one of said plurality of intron-originated DNA frag- 
ments comprises the sequence shown in SEQ ID NO:3 in the SEQUENCE LISTING or a functional variant thereof. 

9. The method according to claim 8, wherein said plurality of intron-originated DNA fragnients comprise the sequence 
30 shown in SEQ ID NO: 1 or a functional variant thereof and the sequence shown in SEQ ID NO:3 or a functional 

variant thereof. 

1 0. A recombinant vector comprising a promoter, a foreign gene inserted into a site downstream of said promoter, and 
a plurality of intron-originated DNA fragments which are the same or different and are capable of promoting expres- 

3S sion of foreign genes, which are inserted into one or more sites upstream of said foreign gene. 

11. The recombinant vector according to claim 10, wherein said plurality of intron-originated DNA fragments are 
inserted into one or more sites between said promoter and said foreign gene. 

40 12. The recombinant vector according to claim 10 or 11 . which are replicable in a plant cell. 

1 3. The recombinant vector according to any one of claims 10 to 12, wherein at least one of said plurality of intron-orig- 
inated DNA fragments comprises the sequence shown in SEQ ID NO:1 in the SEQUENCE LISTING or a functional 
variant thereof. 

45 

14. The recombinant vector according to claim 13, wherein said plurality of intron-originated DNA fragments are two 
sequences shown in SEQ ID NO:1 in the SEQUENCE LISTING or a functional variant thereof. 

1 5. The recombinant vector according to any one of claims 10 to 12, wherein at least one of said plurality of intron-orig- 
50 inated DNA fragments comprises the sequence shown in SEQ ID NO:2 in the SEQUENCE LISTING or a functional 

variant thereof. 

16. The recombinant vector according to claim 15. wherein said plurality of intron-originated DNA fragments comprise 
the sequence shown in SEQ ID NO: 1 or a functional variant thereof and the sequence shown in SEQ ID NO:2 or 

55 a functional variant thereof. 

1 7. The recombinant vector according to any one of claims 1 0 to 1 2. wherein at least one of said plurality of intron-orig- 
inated DNA fragments comprises the sequence shown in SEQ ID NO:3 in the SEQUENCE LISTING or a functional 
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variant thereof. 

1 8. The recombinant vector according to claim 17, wherein said plurality of intron-originated DNA fragments comprise 
the sequence shown in SEQ ID NO: 1 or a functional variant thereof and the sequence shown in SEQ ID NO:3 or 
a functional variant thereof. 

1 9. A method for expressing a foreign gene comprising inserting said foreign gene into a site downstream of a pro- 
moter, and expressing said foreign gene in a cell, characterized in that the sequence shown in SEQ ID NO: 3 in the 
SEQUENCE LISTING or a functional variant thereof is inserted intaa site upstream of said foreign gene, and said 
foreign gene is expressed. 

20. The method according to claim 19, wherein the sequence shown in SEQ ID NO:3 in the SEQUENCE LISTING is 
inserted., 

21. The method according to claim 19 or 20. wherein the sequence shown in SEQ ID NO. 3 in the SEQUENCE LIST- 
ING or a functional variant thereof is inserted between said promoter and said foreign gene. 

22. The method according to any one of claims 19 to 21 . wherein said cell is a plant cell. 
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